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CHAPTERlINTRODUCTION
 Dampersareeffbctivelyusedtoreduceseismicresponseofstructures.Thefセnctionofdampingmechanismsina
 s eistodissipatetheinputene「gy貸om創oundm。tionsandthe「eb払keep血gthes伽。財almembe「sundamagedl
 認鶴濫雌器錦繍1漁認諾職膿識舘i器l
 groundmotion.Theuseofviscous-dampersoneachstoryiswe11㎞owntoreducethedisplacementsbuttheweak-stoly
 winstillhavealargeinter-storydisplacement,whichcausesanon-unifbmユinter-storydisplacementdistributionamongi
 thest・rie&i
 Startingfヒomthispoint,ontheweak-story,adisplacementcontrollerdevicewasusedinthisstudy、Namely
 dampersand〔iisplacementcontrollinglimitersareusedtogetherwhichcanalsobecalle(1asa“combinedenergy
 dissipationsystem"andinvestigatedt㎞』oughseveraldiffbrentstmcturalparametersandconditions.
 CHAPTER2ANAI。YTICALMODEL
Aspecialanalyticalmodelisdevelopedfbrthedynamicanalysesandtheequationofmotionismodified,inorder
thatitmayincludetherestoringfbrceofthef}ame,viscous-dampersandthedisplacementcontrollinglimiter,aswe1L
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Figure 3.22(b) Inertial force - inter-story dispiacement relation on weak-story. (Kobe case) 
As a result for this chapter; exceeding displacement can be successfully controlled by uslng the displacement 
limiter. It makes aimost no change in the acceleration and inertial force values. Gap distance was designed f'or the 
displacement controlling limiter, based on the lack of stiffiless on the weak-story. After using the limiter with designed 
gap distance, exceeding inter-story dispJacement on the weak-story was reduced to the target dlsplacement value 
effectiveiy. 
By the use of energy based damper design method, necessary viscous-damping coefficient was detennined and 
target maximum displacement values vL'ere obtained among the stories successftllly. It was shown that proposed energy 
dissipation system, can effectually compensate the stiffness irregularity in an elastic structure. 
CHAPTER 4 INELASTIC CASE - COMPENSATING THE IRREGULARITY IN STRENGTH 
In this chapter, "cowlpensating the irregularity in the strength of an inelastic multi-story structure" is discussed. 
Inelastic properties are defined in order to represent a reinforced concrete buiiding model. Target ductility is u=1.0 
whlch aims the steel bars of reinforced concrete members not to yield. There is a weak-story in the 6th story of the 
I l-story model building. This irregular strength disn'ibution through the stories causes exceeding displacelnellt in the 
structure, when subjected to a severe earthquake. Target of using the proposed energy dissipation system which is 
combined of viscous-dampers and dispiacement limiters is to compensate the strength in'egularity of the structure. 
Therefore displacement controlhng iimiter ¥~'as used only on the ¥veak-story. 
 In this study inelastic case parameters are intended to be evaluated fi･om elastic properties. For such pull;)ose 
re]ation between elastlc and Inelastic cases were investigated and a period reduction factor (R) was defined. 
R * T*,/ T<,<j 
T*</ : Equivalent period 
R : Period reduction factor 
~ ;~ - Il-~ 
l u,uilx ~ r Ut' 
Figure 4.8 Reduced equivalent period 
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combined of damper and displacement controller limiter, can effectually compensate the low capacity of an Inelastic 
structure. 
Moreover, additional viscous-damping of the structure was increased to high values, to see the high damping 
effects and be able to compare high damping effect with the proposed system. It was shown that even after high 
additional damping values were used lower stories had exceeded the target ductility value. 
Finally, to see the effect of displacement controlling limiter more clearly base shear coefficient of the mode] 
building was increased in order to increase the sti'ength of the structure. It was shown that increase of strength in the 
structure almost makes the same effect with using the displacement controlling limiters. On the other hand, inereasing 
the capacity of the structure also causes higher acce]eration values comparing with the proposed displacement 
controlling limiter. Which shows that, using displacement controlling limiters to compensate the low capacity of a 
structure is a cost-effective method, as well. 
CHAPTER 6 CONCLUSIONS 
In this study, viscous-damper and displacement controlling limiter were used together which can also be called as a 
"combined energy dissipation system" to reduce seismic response of structures. The amount ofthe viscous-damper was 
obtained by using an "energy-based" method. And the gap distance of the displacement controlling limiter was also 
designed, depending on different conditions. 
First of all, the combined energy dissipation system was applied to an elastic multi-story structure with a 
weak-story caused by stiffiless irregularity. Exceeding displacement on the weak-story can be successfully reduced to 
the target displacement value by using the displacement limiter with designed gap distance. And by the use of 
energy-based damper design method, necessaly viscous-damping coefficient was determined and target maximum 
displacement values were obtained among the stories successfully. It was shown that, proposed cornbined energy 
dissipation system can effectually compensate the stiffiless irregularity in an elastic structure. 
The next topic was compensating the irregularity in the strength of an inelastic multi-story stnlcture. Inelastic 
properties of model building were defmed in order to represent a reinforced concrete building model. Target ductility 
was u=1 .O. The irregularity in the strength ofthe I l-stor)' model building caused a weak-story in the midd]e, similar to 
the elastic case. Inelastic case parameters are intended to be evaluated from elastic properties. For such purpose relation 
between elastic and inelastic cases were investigated and a period reduction factor was defined for linearization process. 
Exceeding displacement on the weak-story of the inelastic building was successfully controlled by using the 
displacement limiter. And necessary viscous-damping coefficient to obtain target ductility overall the building was 
determined successfully. 
Finally the combined energy dissipation system was applied to an inelastic multi-story structure with low 
story-shear-strength. Target ductility was u=1.5 and there was no weak-story. After yielding, Iow capacity of the 
structure causes exceeding displacement in the entire building. Therefore displacement controlling limiter was used on 
every story. 
After using the limiter with designed gap distance distribution, maximum inter-story displacement was reduced to 
the target ductility va]ue effectively.Amount of viscous-dampers necessary to obtain target ductility value was 
deterrnined successfully by proposed energy-based damper design method.It was shown that proposed energy 
dissipation system combined of damper and displacernent controller limiter, can effectually compensate the low 
capacity of an inelastic structure. 
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